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The o r b i t s  of t h e  second,  foyr,th,and f i f t h  spaceships-  

s a t e l l i t e s  passed at a d i s t a n c e  m from t h e  s u r f a c e  

of  t h e  e a r t h .  Th i s  r eg ion  is s i t  t h e  E a r t h ' s  r a d i a t i o n  

b e l t s ,  i t  may be a n t i c i p a t e d  t h a t  t h e  primary co 

( P C R ) ,  and t h a t  of  s o l a r  f l a r e s  a r e  t h e  sou rces  of  p e n e t r a t i n g  
-"*, ~~ .. .re. 

r a d i a t i o n ,  

Pro tons  ( f l u x  of  about 2 cmm2 sec''), & f a - p a r t i c l e s  

(about  0.3 cme2 s e c - l )  and h e a v i e r  n u c l e i  (about 0.03 cmm2 sec"') 

e n t e r  i n t o  t h e  composition o f  t h e  PCR, Basing ou r se lves  on the  

d a t a  of  E11 concerning t h e  average va lue  f o r  PCR of  l i n e a r  energy 

l o s s e s  as be ing  3.5 MeV cm 2 g-', t h e  primary cosmic r a d i a t i o n  dose 

may be determined as 13 mrad 2 4 h r s " l .  A nore  d e t a i l e d  computation, 

t a k i n g  i n t o  account t h e  c o n t r i b u t i o n  or' var ious  components, l e a d s  

t o  t h e  f i g u r e  o f  

and i t s  shadow t h e  PGR dose decreases  by about two kimes, i, e .  

t h e  d a i l y  (24  h r )  dose must be of  t h e  o r d e r  of 6 -  7 mrad du r ing  

t h e  o r b i t i n g  of s p a c e s h i p - s a t e l l i t e s ,  

a <  -.. ~ 

1 4  Brad 24 hrs''.(see ref,C23 >. Bear t h e  Ea r th  

* lzvaereniye doz, r a d i a t s i i  na vtorom, chtver tom i pyatom 
kosmicheskikh korablyakh-sputnikakh. 
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"'i The p e n e t r a t i n g  r a d i a t i o n  en i t t ed -  du r ing  s o l a r  f l a r e s '  

c o n s i s t s  o f  pro ton  f luxes  wi th  ene'rgy of t h e  o r d e r  of  100 MeV. ' 

It c r e a t e s  du r ing  major f l a r e s  doses  of  30 t o  100 rad  p e r  f l a r e ,  

whose d u r a t i o n  may reach  24 hours f 3 ,  41. However, such f l a r e s  

occur  once or twice a yea r  a t  t h e  most. The p r o b a b i l i t y  o f  proton 

f lux occurrence from weaker f l a r e s  and t h e  r a d i a t i o n  doses  then  

appear ing  has  been l i t t l e  s t u d i e d .  

Thus, du r ing  b r i e f  f l i g h t s  o f  l i v i n g  be ings  at 180- 340 , I 

k m  above t h e  e a r t h  t h e  r a d i a t i o n  doses w i l l  be i n s i g n i f i c a n t ,  of  

t he  order of  6 -  7 mrad.24 hrs'l .  A l e n g t h y  s tay  at such  a l t i t u d e s  

, e n t a i l s  t h e  p o s s i b i l i t y  of  i n c r e a s e  of  t h e  e f f e c t s  of  r a d i a t i o n  

, t o  dangerous va lues .  The above-said j u s t i f i e s  t h e  n e c e s s a i t y  of  
.̂- . 
conduct ing measurements of r a d i a t i o n  doses  dur ing  t h e  f l i g h t s  of  

s p a c e c r a f t s ,  s o  as t o  e s t ima te  t h a t  danger.  

-\ 
On t h e  b a s i s  of  k f 

r ad ia . t i uw r b i t s ,  k e t s  of  autonomous '- 

dos imet r ic  pickups (Can), i nc lud ing  lurnines,cent dosimeters  (IUlK) 
with a 2 01.04- 1 '10 3 rad.  range and M@KH'dosimeters 

t E51 61 
i 

[ 7 ,  81 with  a 2 0 - 1 e r  range t o  d e t e c t  s low neut rons  {'' 

, nea r  t e s t  an imals ,  were u f o r  t h e  d e t e c t i o n  o f  i n t e g r a l  \ 
r a d i a t i o n  doses.  

For t h e  a r d y s i s  o f  r a d i a t i o n  conpos i t ion  t h e  dosimeters  

pped wi th  va r ious  f i l t e r s . fA  f i l t e r  made of 0,75 ~ 3 m  l e a d  

s h i e l d i n g  h a l f  of  t h e  photodosimeter f i e l d  se rved  t o  compensate 

t h e i r  "course with t h e  hardness?' ( i o  e. degendence of  s e n s i t i v i t y  

on energy)  f o r  t h e  e lec t romagnet ic  r a d i a t i o n  i n  t h e  50 keV t o  3 MeV 

energy range. The same assignment w a s  c a r r i e d  ou t  by 1.3 m l e a d -  

f i l t e r s  i n s t a l l e d  i n  c e r t a i n  MJIK dos imeters .  

O the r  'VmK dosimeters  had no complementary f i l t e r s ,  or were 

s h i e l d e d  by a 3.2 minumlayer ,  equ iva len t  i n  its 
I- - __ -... ____- - - 

.a. 

f 

- 



c a p a b i l i t y  t o  t h e  1.3 prim l e a d  l a y e r  f o r  pro tons  with ene rg ie s  

from 4 t o  300 MeV, and f o r  e l e c t r o n s  wi th  0,025 to1.MeV e n e r g i e s ,  

I n  o r d e r  t o  reduce background r ead ings ,  p e l l i c u l a r  dosi-  . 

meters  were loaded  p r i o r  t o  f l i g h t  with a f r e s h  f i l m ,  and t h e  MJIK 

dos imeters  were throughly warmed p r i o r  t o  launching  s o  as t o  e l imi -  

n a t e  readings  condi t ioned  by t h e  background. To determine t h e  l e v e l  

o f  background r a d i a t i o n  a t  t h e  x a r t h ,  c o n t r o l  dosimeters  were a l s o  

prepared .  Upon spacesh ip ' s  r e t u r n  from f l i g h t  t h e  p e l l i c u l a r  dosi-  

meters  were revea led  s i a u l t a n e o u s l y  with t h e  films exposed by 

gamma-radiation of Co60, s o  as t o  p l o t  t h e  b lackening  curve,  and 

wi th  c o n t r o l  f i lms  having remained 5n t h e  ground dur ing  t h e  f l i g h t .  

The M4aK dos imeters '  read ings  were compared with t h e  r e s u l t s  of  i 
1 

i c a l i b r a t i o n  of  each of  them by t h e  gamma-radiation o f  t h e  Co60 \ 

source  ( c a l i b r a t i o n s  p r i o r  and a f t e r  t h e  f l i g h t  co inc ided) .  i 

a The pre l iminary  r e s u l t s  of dosimeter  i r r a d i a t i o n  by pro- ' 
t o n s  wi th  e n e r g i e s  from 100 t o  600 HeV on a synchrocyclo t ron  

a l low t o  e s t a b l i s h  t h a t  dosimeter  r ead ings  co inc ide  f o r  an equal  

t i s s u e  dose a t  t h e i r  i r r a d i a t i o n  by e i t h e r  pro tons  o r  gamma-rays, 

Omu 

The dos ime t r i c  packages C # I  were disposed aboard t h e  

s p a c e c r a f t  i n  t h e  immediate v i c i n i t y  wi th  the  an imals ,  as well \ 

as o u t s i d e  t h e  cabin w i t h  animals.  The dose induced by t h e  back- 

ground r a d i a t i o n  for t h e  per iod  from t h e  moment o f  p re l imina ry  

h e a t i n g  ( P A R )  t o  launching ,  and frou t h e  moment of l a n d i n g  t o  

measurement was deducted from t h e  dos imeter  readings .  The average 

r ead ing  of  t h e  c o n t r o l  Mff K dosimeters  c o n s t i t u t e d  n e a r  0.5 - 0.6 
mrad 24 hours-'. A s  t o  t h e  p e l l i c u l a r  dos imeters ,  t h e  background 

readings  were ze ro ,  

The r e s u l t s  of r a d i a t i o n  dose measurements by t h e  MJg 
method are compiled i n  t h e  Table nex t  page. Data according t o  photo-\ 

dos imeters  are o n i t t e d ,  inasuuch as t h e  i n t e g r a l  r a d i a t i o n  doses 
\> 
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r e s u l t e d  below t h e  s e n s i t i v i t y  th re sho ld  o f  t h e  method - 0.2 r a d  

for t h e  photodosimeters  and 2 1 0 e 3 b e r  - f o r  %@KX. 

TABLE 

R A D I A T I O N  DOSES INSIDE THE SPACESHIP-SATELLITE 

( i n  mrad) 

Experiment 

2nd S p a c e s h i p - s a t e l l i t e  
F l i g h t  d u r a t i o n  - 2 5  hrs 

Average 

4 t h  s p a c e s h i p - s a t e l l i t e  
F l i g h t  d u r a t i o n  1 e 5  h r s  . 

1 Average 

I 
5 t h  S p a c e s h i p - s a t e l l i t e  
F l i g h t  d u r a t i o n  1.4 firs. 

7 

Average 

K dosime ters readings  
(background deducted)  

wi thout  
f i l t e r  

13 
12 
14 

13 

7.4 
5.5 - 2.1 - 2.2 - 4.6 

0.8 

0.6 
1 *9 - l e 1  
0.6 - O e 7  - 1.0 
0.05 

12 
11 
10 * 

4.3 
0.4 - 5:5 - 0.9 

O e 4  

* F i l t e r ' s  t h i ckness  3m Al; * *  F i l t e r ' s  t h i ckness  

with 
1.3 mm Pb 

6 
7.5 
10 **  

8 

-1.5 
7 *9 
0/9 - 3.3 - 2.6 

- 
0.3 

3.2 
2.5 
O e 5  - 1.8 - Om1 - 2.2 

0*2  
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A s  may be s e e n  from t h e  Tab le ,  r e l i a b l e  d a t a  were only 

obta ined  on t h e  2nd s p a c e s h i p - s a t e l l i t e ,  D a t a  of t h e  4 t h  and 5 t h  

s p a c e c r a f t s  do n o t  c o n t r a d i c t  t h e  first ones,  t o  s a y  t h e  l e a s t .  

The measured q u a n t i t i e s  corresyond t o  r a d i a t i o n  doses of 6 -10 
m a d  

The obta ined  q u a n t i t i e s  a l low t h e  conclus ion  t h a t  s o l a r  f l a r e  

1 
24 h r s - l ,  which agrees  wel l  with t h e  computed doses  of  PCR. 

emission d i d  no t  e x e r t  any e f f e c t  on t h e  i n s i d e  arrangements of , 

t h e  cabin  dur ing  t h e  f l i g h t s  o f  t h e  f o u r t h  and f i f t h  spaceships-  #' 

s a t e l l i t e s .  

i 

However, s i n c e  t h e  readings  obta ined  by t h e  dos imeters  o f  

t h e  2nd s2acesh ip  were g r e a t e r  with aluminum f i l t e r s  t h a n  with 

t h o s e  equipped wi th  t h e  compensating f i l t e r s  made OS l e a d ,  a con- 

c l u s i o n  may be d e r i v e d ,  t h a t  a s i d e  from PCR, t h e r e  w a s  some brehm- 

s t r a h l u n g  i n  t h e  r e g i s t e r e d  r a d i a t i o n ,  l i k e l y  caused by t h e  2nd 

s p a c e s h i p t s  s k i r t i n g  t h e  E a r t h ' s  o u t e r  r a d i a t i o n  b e l t .  The e f f e c t ?  

i v e  quantum-energy of t h i s  r a d i a t i o n  is i n  t h e  neighborhood of  

100 keV, 4 e v i d e n t  from t h e  s m d l l  d i f f e r e n c e  between t h e  reading&,, 

o f  alaminuea-equipped dos imeters  and those  without  f i l t e r s ,  and 

a l s o  by t h e  coincidence o f  t h e  r e s u l t s  o f  measurements by dosimeters  

wi th  compensating l e a d  f i l t e r s  and t h e  computed PCR doses .  

i -1 
i 

1s 

Rere brehnzstrahlung h a r d e r ,  t h e  r ead ings  by dos imeters  wi th  

f i l t e r s  of  aluminum and l e a d  s o u l d  be c l o s e ,  inasmuch as i n  t h e  

energy r eg ion  a-bove 300- 400 keV '?the course with hardness'? o f  

l/anH dosimeters  is not  g r e a t ,  On t h e  o t h e r  hand, i f  t h e  brehmstrah- 

l u n g  were s o f t e r ,  t h e  d i f f e r e n c e  i n  dosimeter  readings  without  

f i l t e r s  and with aluminum f i l t e r s  vould be g r d a t e r ,  
' ,\ 

There fo re ,  t h e  s e t t i n g  of  CAR, app l i ed  on spacesh ips  , 

allowed a d i r e c t  measurement of  r a d i a t i o n  doses  accumulated a t  i\ 
f l i g h t s  i n  o r b i t s  i n  t h e  180- 340 km aLt i tude  range. The measured 

r a d i a t i o n  doses o f  6 -  10 mrad. 2 k h r s - I  agree  wel l  wi th  t h e  results 
e( 

"i ' 
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o f  a n a l y s i s  o f  PCR doses  and is evidence o f  t h e  f a c t ,  t h a t  t h e  i 
r a d i a t i o n  conclitFons was favorab le  du r ing  t h e  f l i g h t  o f  spaceships-  , 

i 

s a t e l l i t e s ,  and was no t  complicated by s o l a r  f l a r e  emission.  The ! 

occurrence of b r e h m t r a h l u n g  dur ing  t h e  f l i f g t  of t h e  2nd s p w e -  

s h i p  i s  w e l l  e s t a b l i s h e d ,  t h i s  be ing  due,  as s i a d  e a r l i e r ,  t o  

spacesh ip  h i t t i n g  the  linits o f  E a r t h ' s  r a d i a t i o n  b e l t s  , Brehmstrah- 

l u n g  doses d i d  n o t  l e a d  t o  a s u b s t a n t i a l  v a r i a t i o n  o f  t h e  r a d i a t i o n  

cond i t ions .  

Taking i n t o  account t h e  r a d i a t i o n  hazards  o f  s o l a r  f l a r e s  

and the  p o s s i b l e  v a r i a t i o n s  i n  the  p o s i t i o n  o f  lower  boundaries.  

o f  t h e  r a d i a t i o n  b e l t s ,  i t  is necessary  t o  pursue t h e  s tudy  of  

r a d i a t i o n  cond i t ions  i n s i d e  Spacespips  during,  t h e  subsequent  launch- 

i n g s ,  Th i s  would permit  t h e  s t u d y  of  t h e  frequency o f  8 ign iZ ican t  

i n c r e a s e s  of  r a d i a t i o n  doses due t o  solar f l a r e s ,  and t o  de f ine  

t h e  limits of dose v a r i a t i o n  as a consequence of spacesh ips '  

s k i r t i n g  t h e  E a r t h ' s  r a d i a t i o n  b e l t s .  

The au tho r s  a r e  g r a t e f u l  t o  N. A,  Sergeyeva, T ,  I ,  P r o s i n a ,  

, A. S ,  Yakovlev and P, N. R i s e l e v  for t h e i r  a s s i s t a n c e  i n  conduct- 

i n g  t h e  experiments.  

Received on 27 May 1961. 
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